Abstract. Alternatives to culture are needed in high burden countries to assess whether response to treatment of multidrug-resistant-tuberculosis (MDR-TB) is satisfactory. The objective was to assess the association of weight gain and treatment outcome. The methods included analysis of clinical, bacteriologic, and weight from 439 MDR-TB patients in the Philippines. Odds ratios (ORs) were calculated to determine whether 5% weight gain during the first 6 months of treatment was associated with outcome. Three hundred and ten (71%) patients were cured and 129 (29%) had poor outcomes (death, defaulted, or failed treatment). Fifty-three percent were underweight (body mass index [BMI] 18.5 kg/m 2 ) before treatment. Five percent weight gain after completing 3 months of treatment was associated with good outcome among patients who were underweight before treatment (OR 2.1; 95% confidence interval [CI], 1.05 to 4.4). Baseline weight and degree of weight change during the first 6 months of treatment can help identify persons who are more likely to have poor outcomes and require other interventions.
INTRODUCTION
Identification of surrogate markers of treatment response and risk for poor outcome would be of benefit to tuberculosis (TB) programs as tools for individual patient management. Patients with markers of poor response could be targeted for longer treatment, post-treatment surveillance, or other interventions. The most important outcomes for patients during treatment of a disease are survival, disability, and capacity for functioning in daily life 1 ; the outcomes measured in TB treatment programs mainly focus on microbiological endpoints such as sustained sputum culture conversion for cure and persistent smear or culture positivity for failure. In several earlier studies involving patients, the majority of whom had drugsusceptible or likely drug-susceptible TB, body weight gain was associated with cure after TB treatment. [2] [3] [4] [5] [6] Self-reported resolution and reappearance of symptoms also has been shown to be associated with microbiologically defined success and relapse. 7 Because multidrug-resistant-TB (MDR-TB) treatment averages 18 to 24 months in duration, there is a great need to identify early indicators of a good response to treatment. Now that treatment of MDR-TB is being rolled out to resourcepoor countries where access to sputum culture is limited, simple measures of treatment response need to be considered. Most patients with MDR-TB are chronically ill and malnourished. [8] [9] [10] [11] [12] Weight gain could be a potentially useful biomarker of response to MDR-TB treatment. Weight gain is simple to measure, inexpensive to obtain, and easily accessible. Nearly all TB clinics have a scale and most weigh their patients monthly during treatment.
The Philippines is one of the 27 countries with the highest burden of MDR-TB worldwide, with an estimated 8,800 new patients with MDR-TB in 2010. 13 The programmatic management of drug-resistant TB (PMDT) initiative is expanding services to cover the entire country; however, laboratory capacity will not be rolled out as rapidly as clinical capacity. Monitoring weight gain during treatment could be a practical tool to identify patients in whom treatment is failing and who may benefit from earlier re-evaluation, longer treatment, or more frequent follow-up. To further assess the value of monitoring weight gain during treatment as a predictor of treatment outcome, we analyzed prospectively collected data combined with retrospectively collected data on weight in a large treatment MDR-TB treatment cohort with good followup and serial bacteriological monitoring.
METHODS
Study population. The Preserving Effective TB Treatment Study (PETTS) was a multinational, prospective observational study whose primary objective was to determine risk factors for amplification of drug resistance during the treatment of MDR-TB.
14 Eligibility criteria for PETTS included culture-confirmed MDR-TB, 18 years of age or older, and initiation of second-line drug treatment within 30 days of the baseline positive sputum culture. From January 2005 to June 2008, 787 patients with MDR-TB were started on treatment in the Philippines national PMDT. Of these, 482 patients (60%) were enrolled into the PETTS study. Because this cohort had regular follow-up and monthly sputum cultures, we used this cohort for analysis. The study collected demographic and clinical data including baseline height and weight. Monthly weights during treatment were abstracted from patient charts and entered into the study database.
Treatment regimens and monitoring. Treatment of MDR-TB in the Philippines was initiated in 1999 by the Tropical Disease Foundation, a non-government organization in Manila, as the first Green Light Committee-approved program. Treatment was individualized based on drug susceptibility testing results. Human immunodeficiency virus (HIV) testing of patients was not done. Patients were followed up in the clinic weekly during the first 2 months and then monthly. At each visit, adherence with treatment, TB symptoms, and drug side effects were reviewed. All clinics were equipped with simple beam balance scales. Patients were weighed weekly during each scheduled visit during the first 6 months of treatment and monthly thereafter. Sputum smears and cultures were performed monthly on Lowenstein-Jensen media. Drug susceptibility testing was performed using published methods at a single quality controlled laboratory at baseline and then after 4 months of treatment if cultures were still positive. 15 Prescribed treatment regimens included at least four drugs to which the patient's isolate was susceptible, including a second-line injectable drug during the first 6 months or until the patient was culture negative for 4 months, a fluoroquinolone that the patient had not previously received, and at least two group four drugs (cycloserine, prothionamide, paraaminosalicyclic acid). Dosages were based on the Partners in Health MDR-TB treatment handbook. 16 All drugs were manufactured under good manufacturing practice. Doses were administered by directly observed therapy (DOT) 6 days per week at three MDR-TB treatment centers in Manila. A health care worker or trained lay supervisor watched the patient swallow each dose of drugs and looked in the patient's mouth after dosing to assure that the drugs were swallowed and not cheeked. Food baskets and reimbursement for public transport were given to low income patients as defined by the Philippines national economic scheme. Roughly 70% of our patients received such assistance. Patients who missed doses for more than 6 days were traced by home visits. This was a routine strategy used by the treatment centers to prevent long-term default.
MDR-TB treatment outcomes. Baseline weight was the weight recorded before or during the first week of treatment. Monthly weight was the weight taken during the last week of the treatment month or the first week of the subsequent month if the former was not available. Underweight was defined as a body mass index (BMI) of 18.5 kg/m 2 . 17 Five percent weight gain was defined as an increase by 5% in the baseline weight calculated as the difference in weights at the two times divided by the weight at the earlier time + 100. Final MDR-TB treatment outcomes were based on international consensus and World Health Organization (WHO) guidelines distinguishing the following categories: cure, completion, default, failure, and death. 18, 19 Cure was defined as completion of treatment with five or more negative cultures over at least 12 months after the last positive culture or having completed 468 doses after sustained culture conversion. According to the WHO guidelines, an exception was made for a single positive culture with low colony counts during the last 12 months followed by at least three negative monthly cultures. Culture conversion was defined as the month when the culture first converted to negative followed by 2 months of negative cultures. Completion of treatment was defined as completion of therapy with bacteriological conversion persisting through the end of treatment but fewer than five negative cultures or 12 months of follow-up after the last positive culture. Default was defined as missing all doses of anti-TB treatment for at least two consecutive months without ever returning to treatment. Treatment was considered to have failed if the patient had more than one positive sputum culture during the final 12 months of treatment or terminated treatment early. For this analysis, patients were classified as having favorable treatment outcome if they were cured or completed treatment. Poor outcomes included those who defaulted, died, or experienced treatment failure.
Data management and analysis. Treatment records were initially captured on a standardized paper form and doubleentered into an Epi Info 3.3.2 database (CDC, Atlanta, GA). 20 Analyses were performed with Stata (version 9.2, Stata, College Station, TX). Receiver operating characteristic (ROC) curves was used to determine suitable cutoffs for weight gain after 1-6 months of treatment that would predict favorable outcome 21 ; the association of weight gain during therapy and treatment outcome varied according to initial weight. We used body weight as a continuous variable in our initial analysis but did not detect an effect of weight gain on treatment outcome. As done in several previously published studies of weight gain and treatment outcome in drug-susceptible and drug-resistant TB, 3, 4, [9] [10] [11] [12] 22 we next stratified baseline BMI using a WHO Nutrition Unitrecommended cut-point for underweight ( 18.5 mg/kg 2 ) to identify patients at risk because of thinness or underweight for public health, disease control program, and interventional studies. 23 When we stratified the population as underweight or not using this cut-point (BMI 18.5 kg/m 2 ), we found an effect on treatment outcome.
We used ROC curve analyses to determine the cutoffs (based on an acceptable trade-off between sensitivity and specificity to detect a good outcome) to obtain the proportion of subjects who gained weight at the end of each treatment month relative to baseline. The ROC curves were created considering treatment outcome versus weight gain of 1% after 1 month of treatment, 2% after 2 months of treatment, 3% after 3 months of treatment, and 4% after 4 months of treatment of the two groups. We used 5% gain over the first part of treatment because a weight gain of this magnitude (corresponding to a weight gain of 2.5 kg in a 50 kg patient) was likely reproducible, clinically important, and represented a true increase in lean body mass. In comparing patient characteristics of those with favorable outcomes versus poor outcomes, we used the χ 2 test for categorical variables and independent samples t test for continuous variables. P values 0.05 were considered significant. To quantify the magnitude of the effect of 5% weight gain on outcome, odds ratios (ORs) with 95% confidence intervals (CI), adjusted for age, sex, and other factors that were significant in the univariate analyses, were calculated.
Ethical considerations. The study protocol was approved by the Tropical Disease Foundation and the U.S. Centers for Disease Control and Prevention institutional review boards. All patients gave informed consent for study participation.
RESULTS
Four hundred and eighty-two patients with culture-confirmed MDR-TB were enrolled in the PETTS study at MDR-TB treatment centers in Manila from January 2005 to June 2008. Forty-three patients were excluded from this analysis because no baseline weight was recorded in the medical record. The remaining 439 patients constitute the population for this study. Three hundred and ten (71%) patients had favorable treatment outcomes and 129 (29%) had poor outcomes. Of those with poor outcomes, 81 (63%) defaulted, 33 (26%) died, and 15 (12%) patients failed. In a univariate analysis (Table 1) , the baseline characteristics of patients who were cured versus those who had poor outcome were similar except for culture conversion and treatment interruptions. Poor treatment outcome was associated with late (after 3 or more months of treatment) sputum culture conversion and any treatment interruption. Poor outcome was not associated with being underweight before treatment, age, sex, admission to hospital, or cavitary lesions on a chest radiograph. Those with poor outcomes had a lower BMI though not more likely to meet the "underweight" category.
The overall cumulative percentage weight gain from baseline through the completion of 6 months of treatment of MDR-TB was 5.6% (IQR 1.4 to 11.7) ( Table 2 ). This table reflects the numbers of patients who had weights at each month. The ROC curves showed weight gain during the first 4 months of treatment using the threshold definitions and was associated with a good outcome for patients who were underweight ( 18.5 kg/m 2 ) before treatment (Figure 1) . In a multivariate analysis (Table 3) , controlling for age, sex, culture conversion, and any treatment interruption, weight gain of 5% after 3 months of treatment was associated with good outcome among underweight patients (OR 2.1; 95% CI, 1.05 to 4.4). This association was also significant with 5% weight gain after 4, 5, and 6 months of treatment with the strongest association observed after 4 months of treatment (OR 2.8; 95% CI, 1.3 to 6.2).
The sensitivity of 5% weight gain during the first 3 months of treatment to predict good outcome was 50% (95% CI, 41.5 to 58.5). The specificity of 5% weight gain to predict poor outcome was 64.7% (95% CI, 50.1 to 77.6). The positive predictive value was 80% (95% CI, 70 to 85.6) and the negative predictive value was 32% (95% CI, 23 to 41.6).
DISCUSSION
Weight gain during the first 3 months of treatment was an important predictor of long-term treatment success in underweight patients starting treatment of MDR-TB. More than 5% weight gain during the first 3 months of treatment was associated with good outcome. This association remained consistent after 4, 5, and 6 months of treatment after controlling for age, sex, culture conversion, and treatment interruption. Weight gain was not associated with outcome among patients with BMI equal or 18.5 kg/m 2 at the time they started treatment. The majority of poor outcomes in this cohort occurred in patients who defaulted (63%). The association of default and failure to gain weight may be caused by factors such as poor drug tolerability and side effects or limited income and ability to afford food stuffs-information not fully captured in our study.
Our results add to knowledge about weight gain and response to TB treatment. In an earlier study by Khan and colleagues 3 among 857 United States and Canadian patients with drug-susceptible TB, patients who had a weight deficit of 10% or more of their ideal body weight at diagnosis and who gained at least 5% of their baseline weight during the first 2 months of treatment had a lower risk for later relapse. A study in 27 Indian patients with MDR-TB treated with individualized therapy reported that weight gain after 6 months of therapy was a predictor of successful outcome. 24 Among patients with MDR-TB in Peru, treatment failure and death were associated with low BMI ( 20 mg/kg 2 ) before treatment. 12 A recent study in Vietnam with 2,609 patients treated in DOTS clinics showed that those patients who had a baseline weight of 40 kg and had a weight gain of more than 5% after 2 months of treatment had a lower risk of poor outcome. 22 Our data generally confirm these results and suggest that weight gain during the first 3 months of treatment is an important indicator of outcome in patients who are underweight.
Although 5% weight gain during early treatment of MDR-TB in our study was associated with good outcomes only in patients who were underweight (BMI 18.5 kg/m 2 ) before treatment, most patients with MDR-TB are underweight. In recent published treatment cohorts and clinical trials of adults with MDR-TB, 32 to over 75% of patients were underweight with a pre-treatment BMI of 18.5 kg/m 2 . [8] [9] [10] [11] 24, 25 Underweight has also been shown to be an independent significant risk factor for poor treatment outcome and TBrelated and all-cause mortality in patients treated for MDR-TB. 11 Although the sensitivity of weight gain in predicting good outcome was only 50%, these high-risk patients can be readily identified and weight gain may be a useful indicator for programs where cultures are costly or not readily available.
Our study has several limitations. First, body weight was abstracted from patients' treatment cards and baseline weights and weights at some follow-up visits were not available for all patients. Missing weights were more frequent for patients with poor outcomes (data not shown). Second, the patients in this cohort were adults with MDR-TB of varying chronicity who were treated by a single DOTS-Plus program and may not be generalizable to all patients with MDR-TB. Third, most of the patients were poor and baseline malnutrition may have been caused by limited access to food, anorexia, and increased catabolism of energy and nutrients because of TB 2, 5 ; similarly, weight gain during treatment might have been due, in part, to improved access to food supplements provided during treatment and response to anti-TB drugs. However, provision of food supplements and transport assistance was based on income and economic status and not on body weight. Fourth, lack of weight gain might be 13 is low ( 1%) and our results are unlikely to be confounded by HIV co-infection. Sixth, the simple beam balances used to measure patient weights were not calibrated regularly; however, these scales are among those most widely used in TB clinics in high burden countries. A 5% weight gain (corresponding, for example, to 2.5 kg in a 50 kg patient) can be measured reliably and is likely to be clinically relevant 3 ; finally, this analysis derived a 5% weight gain criterion that needs validation in further studies in different populations.
Among the strengths of our study are that it is based on a large cohort of 439 patients with proven MDR-TB who received directly observed treatment and who were followed with serial clinical and bacteriological assessments at regular intervals. Smears and cultures were performed at an experienced, quality controlled laboratory. More than half of our patients were underweight before treatment therefore we had reasonable statistical power to detect an association between weight gain during treatment and treatment outcome in both groups. Body weight was recorded weekly during the first 6 months of treatment by well-trained staff.
In conclusion, a weight gain of 5% or more above baseline weight during the first 3 months of treatment of MDR-TB was associated with good outcome for patients who were underweight before treatment. In resource-limited countries, cultures are not available in most areas. Recording baseline body weight and height and following change in weight monthly during the first 6 months of treatment may be a practical tool to identify patients at risk for poor treatment outcome who require greater medical attention. We encourage others treating patients for MDR-TB and conducting clinical trials of new drugs and regimens for drug-resistant TB to collect data on body weight during treatment to better define the impact of weight change and treatment outcome. We also recommend that the association of early 5% body weight gain with good treatment outcome be validated in future MDR-TB treatment cohorts.
